Integrated home garden interventions combine training in gardening practices with education about nutrition knowledge. Such interventions have been shown to improve nutrition behaviour in low income countries. However, to date rigorous evidence is lacking for their long-term impact. We test the impact of an integrated home garden intervention on vegetable production and consumption three years after the intervention ended. We analyse three rounds of survey data for 224 control and 395 intervention households in rural Bangladesh. Three years after the intervention, the average impact on vegetable production per household was 43 kg/year (+49% over baseline levels; p < 0.01), and the effect was not statistically different from the impact one year after the intervention, which demonstrates that impact was maintained in the long-term. The impact on the micronutrient supply for iron, zinc, folate and pro-vitamin A from home gardens was maintained in the longterm. These impacts may have been driven by the long-term improvements in women's nutrition knowledge and gardening practices, explaining the sustainability of the behavioural nutrition change. We also identify positive impacts on women's empowerment and women's output market participation, highlighting how integrated programs, even if modest in scope, can be drivers of social change.
Introduction
The health, productivity and well-being of two billion people worldwide is compromised every year because their Grameen Bikash Foundation, Bogra, Bangladesh bodies are deficit in essential micronutrients such as vitamin A, iron and zinc (Beal et al. 2017) . Children under five years of age are particularly vulnerable (Rivera et al. 2003; Bhan et al. 2001) . As women are nearly always in charge of food preparation, it is important to enable them to provide nutritious meals to their families. Yet, women's knowledge, control of resources, and decision-making about food production is often compromised, particularly in strongly patriarchal rural societies (Sraboni et al. 2014) . One domain in which women have relatively more autonomy is the home garden (Rybak et al. 2018; Schaetzel et al. 2014; Patalagsa et al. 2015; Hillenbrand 2010) . Previous studies have shown that even small home gardens can provide a substantial supply of essential micronutrients and contribute to dietary diversification (Weinberger 2013; Keatinge et al. 2011) . This is important because interventions such as supplementation, food fortification and biofortification, although making a much-needed impact on abating micronutrient malnutrition, are not directly contributing to diversifying food systems and human diets, and a lack of diversity of these is an important underlying driver of malnutrition. Furthermore, nutrition interventions should induce long-lasting behavioural changes to be sustainable.
Building women's knowledge and skills to manage their home gardens could therefore be an important pathway to improving household nutrition in the long-term. We test this hypothesis rigorously in our paper, drawing on evidence from a multi-year study of an intervention to support women's home gardens and nutrition in rural Bangladesh. In doing so, the study addresses a broader question in economic development by assessing if a development intervention, which is modest in scope and duration and which is focused on nutrition-sensitive agriculture, has the potential to induce long-term behaviour change among women who are strongly constrained by local cultural gender norms -and, indeed, if these norms themselves can be changed in such a way.
Home garden interventions usually integrate training in gardening techniques (e.g., use of quality seed, planting bed preparation, crop rotation, compost making and pest and disease management) with nutrition education aimed at transferring nutrition knowledge (e.g., which crops contain which essential nutrients) and nutrition skills (e.g., how to prepare food to maintain nutrients) (World Vegetable Center 2016) . Outside support is usually provided for one year and only in exceptional cases for a period up to three years (Osei et al. 2017) .
There is growing evidence that integrated home garden interventions are effective in increasing the consumption of nutritious food among poor rural households in developing countries (Olney et al. 2009 (Olney et al. , 2013 Schreinemachers et al. 2016; Tesfamariam et al. 2018; Osei et al. 2017) . Several recent reviews have identified that such interventions are one of few agricultural interventions with a proven impact on increased vegetable consumption, although the evidence basis for nutritional status remains weak (DFID 2014; Ruel et al. 2013) . Home garden interventions have been scaled up in several countries, including Ethiopia (Hirvonen and Headey 2018) , Cambodia (Schreinemachers et al. 2018) and Bangladesh (Bushamuka et al. 2005; Iannotti et al. 2009; Schreinemachers et al. 2015) .
There is, however, a significant knowledge gap about the impact of home gardens in the long-term, as there are, to our knowledge, no rigorous, theory-based impact evaluations using panel data studying the effect of home gardens on nutrition (and gender) outcomes three years or more after the intervention support has ended.
Key studies to date have quantified the impact of home garden programs while households were still receiving intervention support or immediately after support had ended. For instance, Olney et al. (2009) studied the impact of a 3-year home garden support program in Cambodia while there were 1.5 years in between the baseline and endline surveys. Furthermore, in the study of Olney et al. (2015) for Burkina Faso there were two years between baseline and endline surveys while program support was also provided for two years. Osei et al. (2017) studied the impact of home gardens in Nepal with three years in between baseline and endline while program support was given for an equally long period of time. Schreinemachers et al. (2016) quantified the impact of home gardens in Bangladesh one year after the program had ended.
An exception is the study of Bushamuka et al. (2005) for Bangladesh, which compared the impact between households that still received support to that of households that no longer received support and found that the mean impact on fruit and vegetable production was not statistically different for these two groups. Furthermore, Zimpita et al. (2015) studied home gardens in South Africa ten years after the intervention ended and found that about a third of the household continued to grow the same βcarotene-rich fruit and vegetables that had been introduced by the program and that this proportion was very similar one, six and ten years after the project ended. However, both of these studies do not provide estimates on the average treatment effect of the programme, and for the case of Zimpita et al. (2015) there is no control group to test the counter-factual. The absence of a rigorous impact design in current studies does not allow disentangling the true causal long-term impacts of homestead gardening on production and consumption behaviour, as well as gender outcomes.
Our study hence fills this important knowledge gap and provides novel rigorous evidence on the long-term impacts of home gardens. The provision of such evidence is critically important as home garden interventions are relatively costly compared to alternative nutrition interventions such as fortification and supplementation. Yet, if it can be shown that home garden interventions address the root causes of micronutrient deficiencies by inducing behaviour changes sustained over many years, then such evidence would have strong implications for policy and programming.
We conducted our study in Bangladesh for several reasons. In the past decades, Bangladesh has witnessed considerable improvements in health and nutrition (Chowdhury et al. 2013) . The reduction in malnutrition, especially among children below five, has been large and has been explained by incremental changes in wealth accumulation and education (Headey et al. 2015) . However this trend has not correlated with changes in healthy eating habits (Jain 2018) . Home gardens are typical in Bangladesh and can play an effective role in increasing the consumption of healthy food . Our study contributes to on-going academic and policy debates on nutrition, agriculture and gender in rural Bangladesh. Moreover, our study sites in rural Bangladesh are not atypical for many rural economies elsewhere in South and South-East Asia, providing a high degree of external validity to our study.
We contribute to the literature on food consumption and nutrition as well as on the literature on behaviour change induced by agricultural interventions in several ways. First, our study is one of the first to address the long-term sustainability of home garden interventions in a rigorous manner, using a quasi-experimental approach and tracking the same households over three years after the intervention ended. Second, we provide novel evidence regarding the mechanisms through which the nutritional impact is achieved, differentiating and measuring nutrition knowledge and garden practices. Third, the study provides original causal evidence on some social impacts beyond the nutrition and agricultural spheres, underscoring the importance of integrated home garden interventions on women's empowerment and decision-making within the household.
The remainder of the paper is structured as follows. We first describe the home garden intervention studied in this paper, the methods applied, and the data collected. The subsequent section presents the intervention's impact on vegetable production and consumption. We also investigate the mechanisms and secondary outcomes. The contribution of these findings are presented in the discussion section. The final section concludes.
Data and methods

The home garden intervention
The integrated intervention's theory of change has three components, intended to re-enforce each other. First, the nutrition training should increase women's knowledge of nutrition to stimulate their interest to regularly include vegetables in meals (a change on the demand side). Second, women's ability to successfully produce vegetables in their home garden should be enhanced through the garden training, strengthening their practices (a change on the supply side). Third, women receive quality seeds (i.e. seed of suitable varieties produced by certified seed producers), which is a change at the market level. Most of the garden production is expected to be consumed within the own household rather than marketed, although small amounts may be shared with neighbours or sold. The intervention's primary focus is on agricultural and nutritional outcomes. Targeting women within the household is important as women in Bangladesh (and elsewhere) have a key role to play in providing household nutrition (Malapit et al. 2019 ). Furthermore, there is evidence showing that home garden interventions can help women gain recognition from their husbands and peers for their increased knowledge and skills, contributing to women's empowerment (Schaetzel et al. 2014; Patalagsa et al. 2015; Hillenbrand 2010) . However, we note that the intervention's theory of change did not rely on female empowerment to take place for the intervention to succeed. In that sense, impacts of the intervention on female empowerment are secondary (or indirect).
The home garden intervention analysed here targeted women in poor rural communities in Jessore, Barisal, Faridpur and Patuakhali Districts of Bangladesh. Households had to meet three main criteria to be eligible for the intervention: (i) the household had to have some land but not more than one acre (0.4 ha) to ensure that it targeted poor smallholder households (while noting that landless households may even be poorer, but were not targeted by this intervention); (ii) the woman (spouse of the household head) had to have some experience in growing vegetables, but not have received similar support in the past; and (iii) the woman needed to have an interest to participate in the project. Additionally, households with a child below the age of five were prioritized though also other households were included if they met the other criteria.
The selected women, mostly mothers and only one per household, were invited for a one-day intensive training that focused on nutrition and garden techniques. It took place in groups of 10-15 women at a local training centre. The training included classroom teaching and hands-on practice in a demonstration garden. In the classroom, women also learned about the importance of nutrition in preventing diseases, the physiological functions of various nutrients for human health, the nutritional value of commonly consumed vegetables, and nutrients in vegetables of different colour. Women also learned how to cook vegetables to preserve nutritional value. The garden training addressed site selection, site and land preparation, garden layout and design, raised planting bed preparation, proper fencing, seasonal vegetable selection, sowing practices, fertilizer application, irrigation and drainage, weeding, and insect and disease management without pesticides. Home gardens are common in Bangladesh, but this intervention demonstrated a different home garden design using raised planting beds, crop rotation, construction of fences with synthetic nets and locally available materials to keep out farm animals, and the importance of using quality seed. After the training, participants were encouraged to share the acquired knowledge with their neighbours. The intervention was not specifically tailored to encourage women to make decisions independently or induce change in the intra-household decision-making process.
Participants received a follow-up visit 7 to 14 days after the training by the training officers who helped to set up the garden and answered questions. Once a training officer observed that a garden was prepared well, the respective woman received seed packs of improved open pollinated vegetable varieties selected by the project team for ease of growing, cultural acceptance, and high nutrient content.
This selection included stem amaranth/red amaranth, bitter gourd, Indian spinach, okra, water spinach, and yardlong bean. Cucumber was also included because of local preferences, although it does not have a high micronutrient content. The women also received vines of sweet potato for harvesting leaves and young shoots. The training officers visited the households on an almost weekly basis for the first six months following the training and reviewed nutritional messages as well as garden practices. For the subsequent six months, the visiting frequency was monthly. The average cost of the intervention was about USD 55.3 per home garden, including all direct and indirect project costs (Schreinemachers et al. 2016) . The project was funded by the United States Agency for International Development (USAID) and implemented by the World Vegetable Center in partnership with the non-governmental organizations BRAC and Proshika. Between 2012 and 2015, over 10,000 women received the training, but this study focuses on a random sample of women selected in 2013.
Research design
We employ a quasi-experimental approach in the design of the study, comparing households in an intervention group that received the program and a comparable control group of households from different villages that were not included in the program. Tracking the same households over a period of three years, we use three rounds of survey data in our analysis, which were collected before the intervention (2013), one year after the intervention (2014), and three years after the intervention (2016).
The sample of intervention households was selected using a stratified random sampling method that purposely selected 12 upazillas (subdistricts) and 17 unions (clusters of villages) and then randomly selected 28 villages from these unions. All intervention households from these villages were included in the sample.
The sample of control households was selected from 8 upazillas and 9 unions that were purposively selected to have similar characteristics (in terms of agro-ecology, village size, agricultural land use and market access) as the intervention unions. From these, 18 control villages were selected. All control households were selected from different villages from the intervention to prevent possible spillover effects. To minimize the effect of selection bias, the control group was selected using the same household eligibility criteria applied by the project to identify intervention households.
The baseline data exhibit no evidence of selection bias, as demonstrated by a comparison of household characteristics between the intervention and control groups (Table 1) . Most importantly, there was no significant difference in the size of the home garden, the number of garden practices applied, the share of garden work, and the quantity of vegetables harvested during the summer and winter seasons. There was only a small difference in that control households observed a larger number of challenges in managing the home garden (p < 0.10). However, the difference is very minimal and it explains less than 2% of the variance in vegetable production at baseline. We therefore conclude that the sample was balanced at baseline. To quantify program impact, we employ a difference-indifference estimator, defined as:
in which, I ntervention is a dummy variable (1 = I ntervention group; 0 = Control group) and P eriod is a dummy variable (0 = Baseline; 1 = F ollow-up). The model therefore controls for structural differences between intervention and control and for common changes between baseline and follow-up. The parameter of interest is δ, which is the average treatment effect (ATE) and quantifies the difference in mean outcomes between households in the intervention and control groups. Our key assumption is that the average change in the control group represents the counter-factual change in the intervention group in the absence of the project (Gertler et al. 2016 ). This "parallel paths" assumption is likely to hold for our study because the number of control and intervention villages is large (46 villages) and were selected from the same sub-districts.
To substantiate our findings with regard to the mechanisms of the long-term impacts, we analysed the determinants of the variation in total quantity of vegetables produced as well as for leafy and non-leafy vegetable production separately. This was done by regressing these production variables on a set of covariates including the number of gardening practices applied and the knowledge score, as well as control variables that may influence the decision to produce either type of crop including baseline quantities. The analysis was implemented for the full sample while controlling for intervention households, as well as for a sub-sample of only the intervention households.
Variables
In line with our discussion of the theory of change and the expected impact of the intervention, we focus on the following key variables:
Vegetable production is expressed in kilograms of fresh weight per household member per year. The variable was collected using a 12-month recall period, asking separately for the last summer (kharif ) and the last winter (rabi). Harvested quantities were summed into five broad groups: cucurbits and eggplants; roots and tubers; fresh beans and pulses; leafy vegetables; and other vegetables (e.g. okra, tomato). The survey also recorded how the harvest was used.
We calculated nutrient yields from the vegetable production data using food composition tables (USDA 2015;
World Vegetable Center 2014). Selected nutrients included plant proteins, calcium, iron, folate, zinc, vitamin A (converted from pro-vitamin A and β-carotene contents) and vitamin C. Quantity of vegetables consumed was calculated using a 24-hour recall method and recorded the quantities of 32 different kinds of vegetables consumed by the whole household. Respondents were asked for the amount of raw vegetables used and the amount of leftover, which were deducted from the estimated quantity. It was expressed in grams per capita per day. 24-hours recall consumption data is only available for the two endline surveys.
We also defined several variables to delineate mechanisms through which the intervention may impact the primary outcomes: First, we quantified the percentage of households that had adopted various good gardening practices that were taught during the training, as discussed above, to measure the supply side mechanisms of home garden production. Second, we quantified women's knowledge of food and nutrition. For this we adapted 12 statements to the local cultural context and then asked all respondents to answer if each statement was correct or incorrect in their opinion. Half of the statements were factually correct and half were incorrect. For example, we asked about the statement "Cooking vegetables for a long time makes them more nutritious" (which is, of course, factually incorrect). The knowledge score was calculated by summing up the number of correct answers and normalising the index to take value between 0 and 1. Third, we measured nutrition-sensitive behavioural changes adopted by women, particularly in regards to the cooking time of vegetables.
Other secondary outcome variables included a measure of women's self-perceived empowerment. Previous studies have shown that home garden interventions can make a positive contribution to gender equality . We presented respondents with eight statement related to perceived social norms in the local cultural context. 1 Respondents could reply on a 5-point scale from strongly agree to strongly disagree. For half of the statements, a lower score meant more empowerment and these were reverse coded before calculating the total empowerment score ranging from 0 to 32. We then normalised the index to take a value between 0 and 1. Our measure of women's empowerment is relatively simple compared to more advanced tools such as the women's empowerment in agriculture index (Alkire et al. 2013; Malapit et al. 2019) .
A second variable included women's decision-making over the home garden. 2 Respondents answered for 9 decisions regarding home garden management, whether they made the decision mostly by themselves or mostly by their husbands. The 5-point scale responses were then summed up into a single variable that ranged from 0 to 36, where 36 indicates that all decision where always made by the woman. We also normalised this indicator to take a value between 0 and 1. Both of these indicators were only collected at the long-term endline.
Data collection
Grameen Bikash Foundation, a Bangladeshi NGO, collected the household survey data. 3 All data were collected in April-May during the end of the winter (rabi) season in the respective years, when home gardens are usually less productive because there is not much rain. Only women were interviewed and all selected women agreed to participate in the study. As shown in Table 2 , sample attrition was 5% between baseline and first follow-up and 6% between baseline and second follow-up. The total balanced sample across all three waves includes 395 women in the intervention group and 224 women in the control group, bringing the total attrition rate to around 8.6%. Balance tests between the attritor and the non-attritor groups at baseline show no statistically significance differences for our main outcome and explanatory variables. This is also true when comparing the intervention and control groups separately.
Results
Long-term impacts on production and consumption
Mean vegetable production from the home garden was 87 kg per household before the intervention. The difference-indifference estimates in Table 3 show that this mean quantity increased by 29 kg in the first endline (that is, one year after the intervention) and by 43 kg in the long-term endline (that is, three years after the intervention) vis-à-vis the baseline, 2 The question was "Who takes the decision about the following activities in the home garden?": 1. How much land to use for the home garden. 2. What crops to plant in the home garden. 3. When to plant and harvest the home garden. 4. What inputs used in the home garden. 5. When to water the plants in the home garden. 6. Who does the work on the home garden. 7. How much produce to use from the home garden for own consumption. 8. How much produce to use from the home garden to sell. 9. Who keeps the money from selling vegetables. 3 The authors jointly designed and supervised the 2016 long-term endline data collection. The data are available upon request. with these changes being highly significant (p < 0.01). We observe an increase in impact of 14 kg between the first and the second endline as shown by the z-score, but it is not significant (p = 0.42). In summary, the initial increase in vegetable production after the intervention was sustained for three years.
However, during that period there is a significant change in the composition of vegetables produced. The intervention particularly promoted the production and consumption of leafy vegetables such as amaranth and water spinach and the production of these increased substantially immediately after the intervention while the production of eggplants and cucurbits decreased. This was reversed in the longterm endline when the volume of leafy vegetables was still higher than in 2013, but lower than in 2014. The production of cucurbits, on the other hand, was significantly higher. Hence, although the total quantity of vegetables harvested from the improved home garden was sustained from 2013 till 2016, the harvest in the long-term endline contained relatively more gourds than leafy vegetables. We will return to this in the discussion.
Given this compositional change, we tested if the impact on nutrient yields decreased over time (Table 4 ). It shows that the mean impact on values for iron, zinc, folate and vitamin A were lower three-years after the intervention than one-year after the intervention, which suggests a decreasing mean impact on nutrient yields. However, none of these changes were significant (p > 0.10) and therefore we cannot conclude that the supply of these nutrients declined. For calcium and vitamin C the impact was positive and significant at both endlines, but the three-year impact was significantly lower than the one-year impact. Table 3 also disaggregates the impact of the intervention on vegetable production by usage. It shows that most of the increased production and indeed most of the home garden harvest was auto-consumed by the household. The auto-consumption of the harvest is important to ensure the nutritional impact of the home garden intervention. Furthermore, the table shows that more vegetables were sold in the long-term endline (p < 0.10) without compromising the effect on the quantity consumed. The share of women selling any vegetable in the market rose as a consequence of the intervention in the long-term by 20% (p < 0.01) due to the intervention, which is also significantly different from the endline at 2014. Figure 1 also confirms the positive impact of the intervention on vegetable consumption. It compares the distribution of vegetable consumption including potatoes for the sample of control and intervention households in the long-term endline. The data suggests that the intervention increased the mean level of vegetable consumption by 16.3% (p < 0.01). Furthermore, the kernel distribution shows that most of the differences are mainly driven by increments in the lower levels of vegetable consumption (left-tail of the distribution), where the concentration of respondents in the intervention group below a consumption level of 150 g per day per capita is very low. Examining the difference for all three main meals of the day separately, we find that the increase in the daily per capita vegetable consumption Notes: ATE = Average Treatment Effect; SD = Standard Deviation; SE = Standard Errors. Baseline means include both intervention and control households. Impact mean in 2014 and 2016 are based on the difference-in-difference estimations. The difference in impact between 2014 and 2016 is based on the z-score values. A negative z-score implies a negative change in impact and vice-versa. The total sample for each wave is equal to 619 of which 395 are in the treatment group and 224 in the control is significant for all meals, and particularly for lunch and dinner. We further break down the analysis by vegetable categories, and we find that the main differences in the daily per capita consumption are driven by leafy vegetables (68.2 grams in the treatment group and 42.3 grams in the control group with p < 0.01) and roots and tubers (79.6 grams in treatment and 67.9 grams in control group with p < 0.01). Most of the vegetable varieties that have been promoted by the intervention are still consumed at the long-term endline. For example 26% of households in the treatment group consumed Indian spinach in the last 24 hours versus 20% of households in the control group. Other promoted vegetables that are consumed at the household include yardlong beans, amaranth, okra, and bitter gourd. However, we do not find strong notable differences in the consumption of these vegetables across the two groups at the long-term endline.
Secondary impacts
Building on the intervention's theory of change, we now investigate why we observe these long-term impacts, focusing on behavioural changes in gardening and nutritionsensitive practices, knowledge, and women's empowerment and decision-making.
Three years after the intervention ended, there are clear differences in the use of home garden practices between intervention and control households (Table 5 ). For instance, 86% of the trained households planted vegetables on raised planting beds while this was practiced by only 23% of the control households (p < 0.01). The use of organic fertilizers, compost making, pruning, stalking, regular irrigation and the use of strong fences to keep out animals were all substantially higher among trained households (p < 0.01). However, the use of chemical pesticides was also higher, 44% as compared to 12% in the control (p < 0.01), which is worrisome as these should not be used in a home garden. We are not able using our survey to determine the reasons for the increase use in chemical pesticides. Spraying pesticides near the house can affect the health of family members and farm animals. Furthermore, insects can normally be removed by hand in a small garden and some blemishes can be tolerated if the produce is consumed within the own household. The results also suggest substantial, positive and significant improvements in both nutrition-related knowledge and practices. Using kernel density graphs, Fig. 2 illustrates visually the mean differences between the intervention and control groups at long-term endline. A straightforward mean comparison between intervention and control groups at long-term endline retains the causal implications of the intervention given that household characteristics and key outcome variables were balanced at baseline. Panel (a) shows that the trained women scored on average 75% of the questions correctly compared to 40% of women in the control group. This strongly significant 73% improvement in the knowledge test about food and nutrition (p < 0.01) clearly shows that women in the intervention group were able to recall things that they were taught in the training. One of the training topics was about how to cook vegetables to best preserve nutrients, which generally meant reduced cooking times. The effect of this is shown in panel (b), which suggests that the mean cooking time was reduced by about 7 minutes from 31 to 24 minutes (-23%; p < 0.01), which could have a positive effect on nutrient retention. These positive differences three year after the intervention show that the changes in nutrition-related practices and knowledge are crucial for the success of the intervention.
We proceed to examine the impacts of the intervention on women's empowerment in Fig. 3 . Panel (a) demonstrates that women in the intervention group had greater control over decision-making related to the home garden and suggests a 28% improvement in the mean score (p < 0.01). Panel (b) shows that women in the intervention group have a self-perceived level of empowerment that was 30% higher than women in the control group (p < 0.01).
Determinants of vegetable production
The quantity of vegetables produced was regressed on a set of covariates to explain the variation in the data. The explained variance is relatively low (20% for leafy and 16% for non-leafy vegetables), yet some covariates are significant (Table 6) . Under all specifications, and for both leafy and non-leafy crops, the use of good gardening practices was a strong determinant of sustained vegetable production. Knowledge on the other hand affects total production positively, however this positive effect is mainly associated with non-leafy vegetables. These effects are evident in both the sub-sample of interventiononly households and the full sample (after controlling for being in an intervention households). The dummy variable signifying that a household received intervention is very weakly significant at the 10%, and the coefficient is not significant when analysing the determinants of leafy and non-leafy vegetables separately. These findings show that being part of the intervention group does not have any more an effect on production after controlling for the number of the implemented gardening practices used in the homestead garden and the nutrition knowledge score (which are both strongly significant).This reiterates that the main pathways of the intervention's impact are captured mainly through these two components.
In addition to knowledge and practices, women who experienced challenges in managing the home garden produced less leafy vegetables. Moreover, increased production of non-leafy vegetables was positively associated with being part of a women's group and higher age.
Discussion
"Good nutrition is the lifeblood of sustainable development" (FAO et al. 2018, p. 13 ) as good nutrition not only contributes to the achievement of zero hunger (SDG2), but also to several of the other sustainable development goals such as healthy lives (SDG3) and ending poverty (SDG1). It is well-understood that the role of agriculture is fundamental to good nutrition, but there is a lack of evidence for effective pathways showing how agricultural interventions lead to positive nutritional outcomes.
In a recent review of agricultural interventions contributing to nutrition outcomes in South Asia, Bird et al. (2019) identified six intervention studies published from 2012 to 2017 and observed that four of these tested the impact of home gardens. They showed that home garden interventions had a positive effect on intermediate nutritional outcomes such as an improvement in diets, at least during the lifetime of the intervention. A key knowledge gap is whether these effects are also sustained after an intervention ends.
This question is particularly important with regard to the cost-effectiveness of home garden interventions as compared to other nutrition interventions such as fortification and biofortification. Another factor influencing cost-effectiveness, is the potential diffusion of improved gardening methods from trained to non-trained women, which is an important issue but our study did not deal with it. However, a comparison of home gardens with fortification and biofortification is potentially fraught, because home garden interventions provide more than single micronutrients, as they aim to change food systems and human behaviour in terms of what food is being produced, what is consumed, and how.
This study contributed to this branch of literature by showing that the intermediate nutritional outcomes of home garden interventions are sustained at least three years after (1) and (4) is "Total Vegetable Production in 2016"; the dependent variable in columns (2) and (5) is "Leafy Vegetable Production in 2016"; the dependent variable in columns (3) and (6) is "Non-leafy Vegetable Production in 2016". Other non-reported control variables include marital status and years of education an intervention ends: home garden production of vegetables increased by 49% (p < 0.01), and as most of this increased production is consumed by the household, we found a notable increase in the daily per capita consumption of vegetables by 16% (p < 0.01). Additionally, we find that most of these long-term impacts were driven by changes in knowledge and practices, which are the main two components of an integrated home garden intervention. A follow-up study is ongoing to test whether the effect is also maintained after five years. We found a change in the composition of vegetables produced from the home garden between the first and second endline as households produced relatively more gourds but fewer leafy vegetables. Some of these dynamics may be due to weather shocks. Households were affected by severe drought during the winter (kharif ) season of 2014. The endline data therefore showed no significant impact on vegetable production for the winter season (see last row in Table 3 ). Yet, in 2016 we observe a significant and positive impact for both winter and summer seasons. Since the winter season is the main period for growing cucurbits and the summer season is the main period for growing leafy vegetables, the observed differences in the crop mix may be largely due to differences in weather condition between the two endlines. However, it could also be that households reverted back to traditional habits of producing the vegetables that they produced before the intervention due to taste or market preferences, but with increased volume due to the improved management practices learned.
Beyond the nutritional outcomes, we found that women who participated had a higher level of self-perceived empowerment (+30%; p < 0.01) and greater control over decisions regarding the home garden (+28%; p < 0.01). These results provide relevant insights on the drivers of women empowerment in a rural setting, like Bangladesh. There is ample evidence on how development programming and policies in key economic sectors like micro-finance and labour markets provide women with more autonomy and empowerment (Duflo 2012) . In the case of Bangladesh, most of the existing studies underscore the importance of such direct economic channels of impact, such as schooling stipend programs (Hahn et al. 2018) , microfinance (Pitt et al. 2006) or labour market participation over other non-income generating activities (Anderson and Eswaran 2009) . In contrast and additional to these works, our findings suggest that small-scale nutrition interventions that target women, such as home gardening, can have strong implications on the status of women both in terms of perceived empowerment as well as decisionmaking. It suggests that small-scale home-based integrated interventions in other sectors can also be key drivers of social change for vulnerable and marginalized women who do not have access to direct economic income-generating opportunities to begin with. In fact, we posit that these identified social changes may in fact reinforce the intended long-term outcomes of the intervention.
We also found evidence that supporting small home gardens in rural Bangladesh was an entry into smallscale output market participation for many women, often providing a first foray into any form of market engagement. The exact mechanisms for this effect are unclear at present and require further research.
Conclusions
We demonstrate that integrated home garden interventions can lead to sustained, long-term changes in human behaviour that contribute to the increased production and consumption of vegetables in poor rural households. Integrated home garden interventions can therefore be an effective tool to addresses one of the root causes of malnutrition in low-income countries, thereby contributing to the achievement of several sustainable development goals, particularly zero hunger (SDG2).
These changes are brought about by strengthening good gardening practices used by households as well as providing nutritional training on the benefits of vegetables for human health. Furthermore, such integrated interventions have the potential to create positive impact beyond the production and consumption of vegetables, as we found that women participating in the intervention exhibited higher levels of control both in decision-making over the home garden and in empowerment more generally, as well as higher engagement in vegetable sale and market participation.
Future research could address in more detail which components of an integrated program induce which impact, what exactly is the role of female empowerment in achieving these impacts, and how such interventions could be optimized to have long-lasting societal change.
